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® Polyethylene naphthalate film for higlMlensHy magneUe recording media. 

® Disclosed herein is a polyethylene naphthalate film for high-density magnetic recording media which has 
little anisotropy, high mechanical strength and good dimensional stability, and which scarcely causes a drop out 
and has good productivity. 
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POLYETHYLENE NAPHTHALATE HLM FOR mQH^EN3ITY MAQMFyir Qgi^npniMra »cnt a 



BACKGROUND OF THE INVENTTON 

The present Invention relates to polyethylene naphthalate film for high-density magnetic recording 
media. The present invention particularly relates to a polyethylene naphthalate film for hfgh-denslty 
magnetic recording media which has little anisotropy, high mechanical strength and good dimensional 
stability, and which scarcely causes a drop out and has good productivity. More particularly, the present 
Invention relates to a polyethylene naphthalate film which has a tensile stress at 5 % elongation - 
(hereinunder referred to as "F-5 value") in the range of 13 kg/mm* to 21 kg/mm» In any direction on the film; 
a Young's modulus In the range of 500 kgAnm' to 800 kg/mm» in any direction on the film a heat shrinkage 
of less than 2.5 % in any direction; a center line average roughness Ra of not more than 0.012 urn and not 
more than 10 coarse protuberances of not tower than 1.08 urn per 25 cm^ wherein each of the deviations of 
the F-5 values. Young's moduli and heat shrinkages is not more than 20 %. 

A magnetic recording medium such as a magnetic recording tape and a magnetic recording disk is 
obtained by fonming a magnetic layer on the surface of a base film by applying magnetic particles together 
with a binder, or coating the surface of the base film with magnetic metal by vacuum deposition, sputtering 
or plating. Demand for high-density recording on such magnetic recording media has recently been 
increasing. Witii such an increasing demand for high-density recording, much importance has been taken 
on the Improvements of tiie heat resistance, physical properties (tensile stress at 5 % elongation, Young's 
modulus, heat shrinkage, eta), and the isotropy for magnetic recording media. If a magnetic recording 
medium Is made of a base film insufficient in isotropy, namely, a base film having much anisotropy. it 
twists, causes themnal strain, or Is inferior in toughness, so that it Is unsuitable for high-density recording 
and reproduction. For example, it causes a disturbance of a picture or deteriorates the quality of sound 
during reproduction. Furthermore, with a tendency to high-density recording, a film is required to have 
evenness. However, mere reduction in the surtiace roughness does not bring about a highly densified 
magnetic recording material. That is. it is necessary to reduce the number of the coarse protuberances as 
well as the surface roughness in order to prevent drop outs. 

Polyethylene terephthalate films have conventionally been used as a magnetic recording film. Improve- 
ments of these films have also been attempted to meet the demand for high-density magnetic recording 
media. Polyetiiyfene terephthalate. however, does not have sufficient heat resistance, and it is difficult botii 
to reduce the anisoti-opy of tiie film and to increase its mechanical strengtii. Thus, a film which possesses 
all the properties required for a high-density magnetic recording medium has been stt)ngly demanded. 

On the ottier hand, since polyetiiylene naphthalate which has a naphthalene ring in a molecular chain 
has a rigid molecular structure and exhibits a high crystallizability. a film formed of tiiis material is expected 
to be excellent In heat resisfance, mechanical strength and dimensional stability, and a magnetic recording 
tape adopting a polyethylene-2.6-naphthalate film as a base film and its manufacturing metiiod have already 
been proposed (Japanese Patent Publication No. 48-29541 (1973). Japanese Patent Application Uying-Open 
(KOKAI) No. 50-45877 (1975) and Japanese Patent Publication No. 56-19012 (1981)). However, since these 
poIyethylene-2,5-naphthalate films disclosed in the prior art are insufficient in isotropy of the mechanical 
properties, they are unsatisfactory to be used as a base film for a high-density magnetic recording medium. 

As a result of various researches of the present inventor to provide a film suitable as a base film for a 
high-density magnetic reconjing medium, it has been found that a film obtained by providing a substantially 
non-oriented polyethylene naphthalate film with specific properties by means of sequential biaxial orienta- 
tion, in ottier words, a polyethylene naphttialate film which has an F-5 value la the range of 13 kg/mm' to 21 
kg/mm' in any direction on ttie film; a Young's modulus in tfie range of 500 kg/mm' to 800 kg/mm* in any 
direction on tiie film; a heat shrinkage of less tiian 2.5 % in any direction; a center line average roughness 
Ra of not more than 0.012 urn and not more than 10 coarse protuberances of not lower than 1.08 am per 25 
cm\ wherein each of the deviations of the F-5 values. Young's moduli and heat shrinkages is not more ttian 
20 % possesses all the properties required for a base film for a high-density magnetic recording medium. 
The present invention has been accomplished on tiie basis of tiiis finding. 
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SUMMARY OF THE INVENTION: 

In the first aspect of the present Invention, provided is a biaxialiy oriented polyethylene naphthalate film 
for high-density magnetic recording media which has a tensile stress at 5 % elongation in the range of 13 

6 kg/mm' to 21 kg/mm' In any direction on the film; a Young's modulus in the range of 500 kg/mm' to 800 
kg/mm' in any direction on the film; a heat shrinkage of less than 2.5 % In any direction on the film; a 
center line average roughness Ra of not more than 0.012 um and not more than 10 coarse protuberances of 
not lower than 1.08 um high per 25 cm^ wherein each of the deviations of said tensile stresses at 5 % 
elongation, Young's moduli and heat shrinkages is not more than 20 %. 

10 in the second aspect of the present invention, provided is a process for producing a biaxialiy oriented 
polyethylene naphthalate film of not less than 50um for high-density magnetic recording media which has a 
tensile stress at 5% elongation in the range of 13 kg/mm' to 21 kg/mm' in any direction on the film: a 
Young's modulus in the range of 500 kg/mm* to 800 kg/mm* in any direction on the film; a heat shringkage 
of less than 2.5% in any direction on the film; a center line average roughness Ra of not more than 0.012 

IS um and not more than 10 coarse protuberances of not lower than 1.08 um high per 25 cm', wherein each of 
the deviations of said tensile stresses at 5 % elongation. Young's moduli and heat shrinkages Is not more 
than 20 %, comprising the steps of: 

fomning an unstretched film by melt-extrusion of a polyethylene naphthalate which contains Inactive fine 
particies, 

20 stretching said unstretched film in the machine direction by 3.5 to 5.0 times at a temperature of 130 to 
I70»C. 

stretching said film In the transverse direction by 3.5 to 5.0 times at a temperature of 130 to ISO-C. and 
heatsetting said film at a temperature of 180 to 270'C for I second to 10 minutes. 

In the third aspect of the prevent invention, provided is a process for producing a biaxialiy oriented 
26 polyethylene naphthalate film of less than 50 u for high-density magnetic recording media which has a 
tensile stress at 5% elongation in the range of 13 kg/mm' to 21 kg/mm' in any direction on the film; a 
Young's modulus in the range of 500 kg/mm' to 800 kg/mm' in any direction on the film; a heat shringkage 
of less than 2.5 % in any direction on the film; a center line average roughness Ra of not more than 0.012 
um and not more than 10 coarse protuberances of not lower than 1.08 um high per 25 cm*, wherein each of 
30 the deviations of said tensile stresses at 5 % elongation. Young's moduli and heat shrinkages is not more 
than 20 %. comprising the steps of: 

forming an unstretohed film by melt-extmsion of a polyethylene naphthalate which contains inactive fine 
particles, 

stretching said unstretched film in the machine direction by 2.0 to 5.0 times at a temperature of 130 to 
35 I70»C. 

stretching said film in the transverse direction by 3.0 to 5.0 times at a temperature of 130 to ISO'^C. 
heatsetting said film at a temperature of 130 to 240''C, 

restretching said film in the machine direction by 1,05 to 4.0 times at a temperature of 140 to 200*C, and 
re-heatsetting said film at a temperature of 180 to 270 for 1 second to K) minutes. 

40 In the forth aspect of the present Invention, provided is a process for producing a biaxialiy oriented 
polyethylene naphthalate film for high-density magnetic recording media which has a tensile stress at 5 % 
elongation in the range of 13 kg/mm* to 21 kg/mm" in any direction on the film; a Young's modulus in the 
range of 500 kg/mm* to 800 kg/mm* in any direction on the film; a heat shrinkage of less than 2.5 % in any 
direction on the film; a center line average roughness Ra of not more than 0.012 um and not more than 10 

45 coarse protuberances of not less than 1.08 um high per 25 cm^ wherein each of the deviations of said 
tensile stresses at 5 % elongation, Young's moduli and heat shrinkages is not more than 20 %, comprising 
the steps of: 

fonming a laminated film comprising a polyethylene naphthalate Intermediate layer which contains 
substantially no fine particles or 0.1 to 3 wt% carbon black and two polyethylene naphthalate surface layers 
50 which contain inactive fine particles by co-extruding a polyethylene naphthalate which contains inactive fine 
particles and a polyethylene naphthalate which contains substantially no fine particles or 0.1 to 3 wt% 
carbon black, 

stretching said laminated film in the machine direction by 3.5 to 5.0 times at a temperature of 130 to 
170*0. 

55 Stretching said film in the transverse direction by 3.5 to 5.0 times at a temperature of 130 to i80"C. and 
heatsetting said film at a temperature of 180 to 270^C for I second to 10 minutes. 
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BRIEF PgSCRIPTIQN OF THE DRAWING 

Fig. I is a scheme showing the angular distribution of the F-5 values of films. The reference numeral I 
represents the angular distribution of a conventional film. 2 that of the film according to the present 
5 invention, and tiie symbol TD represents the transverse direction and MD tiie machine direction. 



DETAILED DESCRIPTION OF THE INVENTION 

70 The present invention relates to polyetiiylene naphttiaiate film for high-density magnetic recording 
media The present invention particulariy relates to a polyetiiylene naphttiaiate film for high-density 
magnetic recording media which has littie anisotropy, high mechanical strengtii and good dimensional 
stabiRty, and which scarcely causes a drop out and has good productivity. 

The polyethylene naphthalat© in the present invention means polyetiiylene naphthalates. preferably 

16 polyetiiylene-2,6-naphtiialate, or a polymer containing not less tiian 70 wt% polyetiiylene naphttialates. 
preferably polyetiiyIene-2,6-naphtiialate. A copolymer containing a etiiylene naphtiialate unit as a main 
constitutional unit, or a mixture of a polyethylene naphttiaiate witti ottier polyesters which does not 
substantially impair tiie characteristics of a polyetiiylene naphttiaiate fs also usable In tiie present invention. 
The polyetfiylene naphttiaiate may contain a stabilizer such as phosphoric acid, phosphorous acid and an 

20 ester thereof. The intrinsic viscosity (measured in a mixed solvent of phenol and l,U£-tetrachloroetiiane in 
ttie weight ratio of I : I, at 30*C) of tiie polyetiiylene naphttiaiate is preferably 0.5 to 1.0 and more preferably 
0.55 to 0.9. 

The polyetiiylene naphttiaiate film according to ttie present invention is a blaxially oriented film having 
tiie following properties: 

25 I. The F-5 value (tensile stress at 5 % elongation) In any direction on tiie film is in tiie range of 13 

kg/mm* to 21 kg/mm*, preferably 15 to 21 kg/mm*. A film of an F-5 value of less tiian 13 kg/mm* can be 
obtained from polyetiiylene terephttialate and there is no advantage in using expensive polyethylene 
naphttiaiate. On tfie ottier hand, if the F-5 value is more ttian 21 kg/mm', since production of a polyetiiylene 
naphthalate by sequential biaxial sti^tching is difficult, it is necessary to adopt simultaneous biaxial 

30 orientation, which disadvantageously greatiy reduces ttie film formation sp^, resulting In rise in cost 

2. The Young's modulus In any direction on ttie film is in tiie range of 500 kg/mm' to 800 kg/mm^ 
preferably 500 to 750 kg/mm» If tiie Young's modulus is less tiian 500 kg/mm', tiie dimensional stability witti 
respect to external force is poor, and such a film can be produced from polyettiylene terephttialate. making 
ttie use of an expensive polyettiylene naphttiaiate meaningless. If ttie Young's modulus is more tfian 800 

35 kg/mm* on ttie ottier hand, tiie productivity of film formation Is degraded by. for example, deterioration of 
ttie evenness of the film or frequent breakage of the film in biaxial stretching. 

3. The heat shrinkage in any direction is less tiian 2.5 %, preferably not more tiian 2.0 % at 150'C. A 
film having a heat shrinkage of not less titan 2.5 % is unsuitable as a base film for a high-density magnetk; 
recording medium. 

40 4. Any of tiie deviations of the F5 values. Young's moduli, and heat shrinkages is not more ttian 20 
%, preferably not more ttian 10 %. The deviation means ttie value {%) obtained by subtracting tiie minimum 
value fii)m ttie maximum value, dividing ttie difference by tfie maximum value and multiplying the quotient 
by 100. If any of ttie deviations Is larger tiian 20 %, ttie film is unsuitable as a base film for a high-density 
magnetic recording medium which is required to have isotropy. 

46 "A film having littie anlsotirc^y" In ttie present Invention mean^ not only a film having tiie similar values 
of ttie physical properties (F5 value. Young's modulus and heat shrinkage) in tiie machine direction and tiie 
transverse direction but also a film having similar values in any direction on tfie film. That is, the angular 
distribution curve of tiie values of each physical property obtained at various angles (generally measured at 
every 5 degrees) on the film is in the above-described range at any angle. 

50 Sirice ttie value of each physical property is ordinarily symmetric witti respect to a center on ttie film, 
tiie anisotropy of ttie film will be explained by using ttie values of the physical properties measured at 
angles (e) of 0» (in ttie machine direction). 46». and 90" (in tiie transverse direction) witti reference to Rg. I. 

In Fig. I, tiie reference numeral I represents tiie angular distribution of ttie F-5 values of a conventional 
film and 2 tiiat of tiie film according to ttie present invention. The curve I Is a typical example showing large 

65 anisotropy in which tiie values In tiie transverse direction (TD) and ttiose in ttie machine direction (MD) are 
different, and ttie curve is concave in ttie direction of 45" degrees. The curve 2 is a typical example 
showing a very littie anisofropy. and tiie F-5 values are much larger ttian tiiose of ttie curve I. 
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5. The center line average surface roughness Ra is not more than 0.012 urn, preferably not more than 
0.008 urn. It is necessary to provide the surface of the film with an appropriate roughness by adding 
inactive Onert) fine particles in order to provide a good workability during the production of a magnetic 
recording medium and to mai<e a magnetic recording medium, in particular, a magnetic recording tape run 

5 smoothly. 

One of the methods of providing the surface of the film with an appropriate roughness is a method of 
separating fine particles by reacting a metal compound which is disolved in a reaction system, for example, 
after the ester interchange reaction, with a phosphoric compound during the preparation of a polyethylene 
naphthalate. This method is called a deposited particle metiiod and is preferable because it produces littie 
70 coarse particles. 

What Is called a particle addition metiiod Is an easier method. This is a method of mixing Inactive fine 
particles in a step between tiie step for preparing a polyethylene naphtiialate and the step for extruding for 
the film formation. As the inactive fine particles, the fine particles of kaolin, talc, silica, magnesium 
carbonate, calcium carbonate, barium carbonate, calcium sulfate, barium sulfate. Iltiiium phosphate, calcium 

75 phosphate, magnesium phosphate, aluminum oxide, silicon oxide, titanium oxide, lithium fluoride. Ca, Ba, 
Zn and Mn salts of terephtiialic acid and of cartoon blacks are exemplified. Such Inactive fine particles may 
be used singly or used as mixture of two or more memlers selected from the above described group. 
These inactive fine particles may be spherical, bulky, or flaky in shape, and ttiere is no special restriction in 
tfie hardness, specific gravity, color or the like of the inactive fine particles, either. The primary particle 

20 diameter of tiie Inactive fine particles is 0.001 to 1.5 urn, preferably 0.01 to 1.0 um. The amount of the fine 
particles to be mixed to the film Is 0.01 to I wt%, preferably 0.02 to 0.8 wt%. and more preferably 0.03 to 0.5 
wt%. It is particularly preferable to use simultaneously small particles having a primary particle diameter of 
0.001 to 0.5 um together with large particles having a primary particle diameter of 0.4 to 1.0 um. As tiie 
small particles, titanium oxide, silica, etc. are preferable and mixing amount thereof is 0.03 to 0.5 wt%. As 

25 the large particles, calcium cartionate is preferable and mixing amount thereof Is 0.001 to 0.05 wt%. 

6. The number of coarse protuberances of not lower than t.08 um is not more than 10, preferably not 
more than 5 per 25 cm*. Even if Ra Is not more than 0.012 um, a coarse protuberance causes a drop out, 
which Induces an enror during recording or reproduQtion. In order to lessen the coarse protuberance in a 
polyetfiylene terephtiialate film, a method of filtering out the coarse particles ttirough a filter In tiie extiiision 

30 step for film formation Is generally adopted. In the case of a polyethylene naphthalate film, however, since 
the melt viscosity is high, a larger filtering pressures Is required in comparison with the filtration of a 
polyethylene terephtiialate film. Since tfie clogging of the filter requires even larger filtering pressure, it is 
therefore necessary to replace the filter frequently, thereby reducing ttie productivity during tiie film 
formation. Alternatively, the filtering area may be enlarged to a great extent. In tills method, however, a 

35 dead space Is produced in passing ttie polymer through the filter, and the deteriorated polymer remaining in 
tiie dead space is mixed into ttie film and causes breakage of tiie film, resulting in the reduction in 
productivity during the film formation. Another method is a method of removing the coarse particles after 
tiie preparation of a polyethylene naphtiialate and before cutting into chips prior to tiie step of film 
fomnation. For example, tiiere are a metiiod of filtering tiie molten polymer at the time of discharging from 

40 ttie polymerization vessel, and a mettiod of filtering ttie polymer after It has been cut into chips and when it 
is extruded again by an extruder in ttie form of chips. Although ttiese mettiods aro adaptable to ttie filtration 
of a small amount of polymer, ttiey are not effective enough for film formation In a large industrial scale of 
mass production. 

The present inventor has found that a film having few coarse protuberances on the surface thereof can 
45 be obtained wtttiout ttie above-described problems by adopting a mettiod of laminating ttiin layers which 
contain ttie Inactive fine particles on botti surfaces of an intemnedlate layer which contains substantially no 
particles by a co-exti^usion method. 

Since ttie intemnediate layer which occupies the larger part of ttie film contains substantially no 
particles, filtration Is not needed. Even if fiiti-ation is necessary, a very coarse filter which Is rarely clogged 
50 can be used, ttiereby dispensing wltti ttie need for replacement. On ttie other hand, since the layers 
containing ttie fine particles only form the surfaces of the film, ttie amount to be extruded is small and 
requires only a low filtering pressure, thereby prolonging the lifetime of the filter. 

As the filter, a leaf disc type fitter which has a large filtering area Is preferable. Woven wire, sintered 
woven wire, or a sintered metal filter may be preferably used. Granular filters made of materials such as 
55 metal grains, sand, glass beads and wire are not preferable because such filters are difficult to reuse. The 
mesh size of the filter Is different depending on the kind of magnetic recording media, but Is preferably 100 
to 10.000 mesh, more preferably 1,000 to 10,000 mesh. 
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The ratio of thickness of the surface layer and the intermediate layer of the blajdaily oriented 
polyethylene naphthalate film according to the present invention is 2 : 75 to 4 : 1 and the total thicicness of 
the film is preferably not iess than 50 urn. The two surface layers preferably have the same thickness. If the 
surface layer is too thin, the roughness of the surface layer Inconveniently becomes non-uniform, while too 
6 thick surface layer disadvantageously makes the long use of the filter, which is one of the object of the 
present invention, difficult 

It is necessary to fonm a thin magnetic layer for the purpose of high-density magnetic recording. It Is 
well known that such a thin magnetic layer reduces the difference in the light transmittance between the 
positioning Index hole of a magnetic disk and the film, resulting in production of an enror. To prevent this. It 

10 has been desired to enhance tiie light-screening property of ttie film itself. Adoption of the above-described 
co-extruslon metiiod can easily meet such a demand by using polyetiiylene naphthalate containing a 
carbon black as the intermediate layer 

The carbon black used in tfie present invention is not specially limited, but lamp black, tiiermal black, 
furnace black, acetylene black, etc. are preferable. The particle size is preferably 0.001 to I um in primary 

75 particle diameter, and tiie amount to be added is preferable 0.1 to 3 wt%. 

The polyethylene naphttialate film according to the present invention which is superior in tfie heat 
resistance, mechanical strength and dimensional stability to a conventional polyethylene terephtiialate film, 
and which has littie anisotropy in the film face, low surface roughness and few coarse protuberances is 
produced, for example, in the following process. 

20 A polyetiiylene naphtiialate (polymer 1) which contains inactive fine particles such as silica, titanium 
oxide and calcium carlwnate, and optionally contains stabilizer, coloring agent, defoaming agent, organic 
lubricant and additive such as polyalkyi glycol is prepared by an ordinary metiiod. pelletized and dried. It is 
preferable to filter the molten polymer through a filter of 100 to 10,000 mesh to remove coarse particles when 
discharged from the polymerization vessel or when pelletized by an extruder. 

25 In order to obtain a single-layer film, a pellet of the polymer 1 is melt-extruded at 280 to 320''C, filtered 
tfirough a filter of 100 to 10,000 mesh, extmded into a film and cooled to be hardened on a casting dmm by. 
for example, an electrostatic cooling metiiod, tiiereby obtaining an unstretched film. 

It is possible, if necessary, to obtain an unstretched tiiree-layered film comprises the surface layers of 
the polymer I and tiie intemnediate layer of a polymer li In tiie foltowtng process. 

30 A polymer II which contains substantially no particles except for a carixsn black is produced, pelletized 
and dried by an ordinary metiiod. The pellet of tiie polymer I and tiie pellet of tiie polymer 11 are co- 
extruded by separate extruders, tiiereby laminating polymer I on tiie both surfaces of the layer of the 
polymer II and tiie laminated film is cooled to be hardened on a casting dmm. At tills time, a fine-meshed 
filter of 1,000 to 10,000 mesh is used in tiie extruder for tiie polymer I, while a coarser-meshed filter of 100 to 

05 3.000 mesh is used in tiie extruder for tiie polymer II. 

In order to obtain a biaxially oriented film of not less than 50 um thick, an unstretched single-layer or 
three-layered film obtained in the above-described process is first stretched in the machine direction by 3.5 
to 5.0 times at a temperature of 130 to I70**C. and next In tiie ti-ansverse direction by 3.5 to 5.0 times at a 
temperature of 130 to 180'C. and is heatset at ISO to 270»C for I second to 10 minutes. During heatsetting, 

40 tiie film may be subjected to relaxation in tiie transverse direction by I to 30 %. or after heatsetting tiie film 
may be subjected to relaxation in the machine direction by I to 30 %. 

Afthough it is also possible to obtain a biaxially oriented film of less tiian 50 um ttiick in tiie above- 
described process, it Is more preferable to obtain such a film in the following way. 

An unstretched single-layer film is stretched In tiie machine direction by 2.0 to 5.0 times at a 

45 temperature of 130 to I70»C at one stage or multi-stages, and next in tiie transverse direction by 3.0 to 5.0 
times at a temperature of 130 to I80"C. and is heatset at 130 to 240*'C preferably while subjecting tiie film to 
relaxation in tiie transverse direction by I to 30 %. The film Is re-stretched in ttie machine direction at WO to 
200"C by 1.05 to 4.0 times, and is preferably re-stretched ttiereafter in tfie transverse direction by 1.05 to 4 
times at 140 to 200*C, The film Is ttien heatset again at a temperature of ISO to 270'C for I second to 10 

50 minutes to obtain a biaxially oriented film of less than 50 um tiiick. It is also preferable to subject tiie film to 
relaxation in tiie transverse direction by 1 to 30 % during tiie re-heatsetting step or to subject tiie film to 
relaxation In tiie machine direction by I to 30 % in the cooling zone after tiie re-heatsetting step. 
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The biaxiaiiy oriented polyethylene naphthalate film according to the present Invention obtained in the 
above ways has a film thickness of 6 to 125 urn, preferably 5 to 100 um, an F-5 value In the range of 13 
kg/mm* to 21 kg/mm* In any direction on the film, a Young's modulus in the range of 500 kg/mm* to 800 
kg/mm* in any direction on the film, a heat shrinkage of less than 2.5 % in any direction on the film, a 
5 center line average roughness Ra of not more than 0.012 um, and not more than 10 coarse protuberances of 
not lower than 1.08 um per 25 cm*, wherein each of the deviations of the F-5 values. Young's moduli and 
heat shrinkages is not more than 20 %. 

A magnetic recording medium such as a magnetic recording tape and a magnetic recording disk using 
the film according to the present invention as a base film is obtained by a known method of forming a 
10 magnetic layer on the surface of the film, for example, by applying magnetic particles together with a binder 
to the surface of the film of the present Invention, or by coating the surface thereof with magnetic metal by 
means of vacuum evaporation, sputtering, or plating. 

The present invention will be explained in more detail with reference to the non-limilative following 
examples. The F-5 values, Young's moduli, and the heat shrinkages of Examples were measured as follows. 

16 

m F-5 Value 

The value is represented by the tensile stress measured by elongating a film sample of 10 mm wide by 
20 5 % by a tensile tester with the space between chucks of 100 mm at a pulling speed of 20 mm/min at a 
temperature of 25 °C. 



(2) Young's modulus 

26 

Young's modulus Is represented by an Initial modulus in tension measured by stretching a film sample 
of 10 mm wide with the space between chucks of 100 mm at a pulling speed of 20 mm/min at a temperature 
of 25»C. 

30 

(3) Heat shrinkage 

Heat shrinkage was measured by subjecting a sample to heat treatment at I50*C for I hour in a non- 
stretched state in an oven. The heat shrinkage Is represented by [(U 'iVU] » 100 (%). wherein U is the 
35 original length and I is the measured length. 



(4^ Center line average roughness (Ra: um) 

40 The surface roughness was obtained In the following way by using a surface roughness measuring 
machine (SE -3FK) produced by Kosaka Kenkyusho. The radius of the tip of the contact needle was 2 um, 
and the load was 30 mg. From the surface curve of the film, a portion of a length of L (2.5 mm) was 
sampled along the direction of the center line. The roughness curve is represented by y = f(x) by 
assuming the center line of the sampled portion as the axis X and the direction perpendicular thereto as the 

45 axis, Y, and the surface roughness (um) is obtained from the following formula: 

Values above 80 um were cut off. Ra was obtained by the average value at 5 points In the machine 
50 direction and 5 points In the transverse direction, namely, at 10 points In total. 
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f5) Number of coarse prptuberances 

The film was placed under crossed Nicols and observed in 10* magnification. The shining fish-eye 
portions were marked and the height of each of the fish-eye portions was measured by a double beam 
5 method. The number of the protuberances having a height of not less than 1.08 urn was counted with 
respect to 25 cml 



Example I 

10 

Polyethylene-2,6-naphthalates each of which contains 0.6 wt% of silica having a primary particle 
diameter of 0.03 um and 0.012 wt% of calcium carbonate having a primary particle diameter of 0.5 ttm were 
separately prepared by an ordinary method. Each of the polymers was filtered through a filter of 1,500 mesh 
when rt was discharged from the respective polymerization vessel, and was thereafter pelletized. These 

75 pellets were blended in the weight ratio of 1 : 1, dried, extruded by an extruder, and brought Into contact with 
a casting drum by an electrostatic cooling method, thereby obtaining an unstretched film. At this time the 
polymer was filtered through a filter of 2.500 mesh. The unstretched film was stretched in the machine 
direction by 3.9 times at 130*0, and in the transverse direction by 4.0 times at I40*C. Thereafter it was 
heatset at 230'C for 5 seconds to obtain a film 9 am in thickness. The physical properties of the film 

20 obtained are shown in Table I. 

A composition comprising a fenromagnetic alloy powder (Fe -Co) and a binder was applied to one side 
of the obtained polyethylene-2,6-naphthalate film by an ordinary method, and the film was subjected to 
orientation, aging and calendar treatments. After the other side was provided wfth a back coal layer, the film 
was slit to a width of 1/2 inch, to obtain a magnetic tape. 

2S The measured results of the S/N ratio, drop out, and the running nature of the magnetic tape obtained 
!n tills way are shown in Table 2. 

The magnetic tape was subjected to running in a video tape recorder at a speed of 10 cm/sec, while 
repeating ttie starting and stopping operations. The damage (wrinkle, etc.) at ttie end of tiie tape was 
observed after a IOC-hour njnning. The marks 0. * and A represent good, bad, and moderate, respectively. 

30 The S/N ratio, D«(drop-out) were measured by an ordinary metfiod, and evaluated on ttie basis of tfie 
measured results of a magnetic tape which was produced in tiie same way except ttiat a polyefliylene 
terephthalate film was used in place of a polyethylene naphthalate film. 



S5 E>^ample 2 

The same unstretched film as tiiat in Example 1 was stretched In two stages in tiie machine direction by 
3.2 times at I50»C. furtiier by 1.2 times at l^^C, stretched in tiie ti^nsverse direction by 4.5 times at IBO^C, 
and was heatset at I80«C. The film was restretched in tiie machine direction by 1.3 times at I70*C and was 
40 heatsef at 240-C for 7 seconds to obtain a film of 8 um in ttiickness. The physical properties of tiie film 
obtained are shown In Table I and tiie physical properties of ttie magnetic tape produced from of ttie film in 
tiie same way as in Example 1 are shown in Table 2. 



45 Example 3 

The same unstretched film as tiiat In Example I was first stretched In two stages in ttie machine 
direction by 2.4 times at I30»C. further by 1.2 times at I45»C, stretched In ttie transverse direction by 3.3 
times at I40»C. and was heatset at 180'C. The biaxially oriented film was restretched in tiie machine 
50 direction by 1.7 times and in tiie transverse direction by 1.4 times at 170 'C, and was heatset at 230° C for 8 
seconds. The film was cooled and wound while subjecting ttie film to relaxation In the transverse direction 
by 5 % and In tiie machine direction by 3 %. The tiiickness of tiie film was 7 um. The physical properties 
of tiie film obtained are shown in Table I and ttie physical properties of ttie magnetic tape produced from 
ttie film in the same way as in Example I are shown in Table I. 

55 
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Comparative Example I 

A film of 7 um thick was obtained in the same way as in Example 3 except that the film was stretched 
in the transverse direction by 2,9 times and restretched in the transverse direction by 1.05 times. The 
physical properties of the film obtained are shown In Table I and the physical properties of the magnetic 
tape produced from the film in the same way as in Example I are shown In Table I. 
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Table 2 





D(|) 


S/N Ratio 


Running 
Nature of Tape 


Example 1 


Same 


Same 


A 


Example 2 


Same 


Same 


0 A 


Example 3 


Same 


A little 
better 


0 


Comparative 
Example 1 


Same 


Same 


X 



Example 4 

Polyethyl0ne-2,6-naphthalate (polymer A) containing 0.3 wt% titanium oxide having a primary particle 
diameter of 0,3 um and a polyetliylene-2,6-naphthalate (polymer B) containing substantially no particles 
were separately co-extruded by separate extruders to fomn a three-layered unstretched film comprising the 
surface layers of the polymer A and the Intermediate layer of the polymer B. The ratio of thickness of each 
layer was 10 : 55 : 10. A filter of 2.000 mesh was used In the extruder for the polymer A and a filter of 500 
mesh in the extruder for the polymer B. The frequency at which the filters were replaced was low and 
continuous production of an unstretched film was enabled. After the unstretched film was stretched in the 
machine direction by 3.9 times at ISO'^C and in the transverse direction by 3.8 times at I40*C. the film was 
heatset at 245*C for 10 seconds to obtain a film of 75 um thick. The physical properties of the film are 
shown in Table 3. 



Example 5 

Polyethylene-2.6-naphthalate (polymer C) containing 0.2 wt% carbon black having a primary particle 
diameter of 0.02 um which had been passed through a filter and a polymer A obtained in Example 4 were 
separately extruded, and a 75 um thick biaxially oriented film comprising the surface layers of the polymer 
A and the Intemiediate layer of the polymer C (in a thickness ratio of 10 : 55 : 10) was produced in the same 
way as in Example 4. The physical properties of the film are shown in Table 3. They were the same as 
those of the film in Example 4 except that the light<^creening at 800 nm was 70 %. 



Comparative Example 2 

A biaxially oriented film was obtained In the same way as In Example 4 except that the film was 
stretched in the machine direction by 3.4 times and restretched in ttie transverse direction by 4.5 times. 
The physical properties of the film obtained are shown in Table 3. 
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Table 3 

5 







Example 4 


Example 5 


Comparative 
Example 2 


10 


TezisiXe Stores s 




15.2 


15.2 


14.0 




at 5% Elonga- 


450 


15.3 


15.3 


16.5 




tion 


90° 


15.5 


15.5 


18.5 


16 


^,r— D value; 
2 

(kg/mm ) 












Deviation 
m Plane (%) 


2 


2 


2.4 


20 


Young * s 


0 


610 


610 


550 




Modulus 


45" 


615 


615 


750 


25 


2 

(kg/mm ) 


90° 


620 


620 


830 






Deviation 
in Plane (%) 


1.6 


1.6 


33 


30 


Heat Shrinkage 


0° 


1.0 


1.0 


1.1 




{%) 


45° 


1.1 


1.1 


2.2 


3$ 


2 

(kg/mm ) 


90° 


1.2 


1.2 


2.8 






Deviation 
in plane (%) 


17 


17 


61 


40 


Center Line Average 
Roughness Ra (ym) 


0.006 


0.006 


0.006 


46 


Number of Coarse 

2 

Protuberances (per 25 cm ) 


3 


3 


4 



Examples £ and T, and Comparative Example 2: 

Magnetically soft layer of Pemialloy (Nl-Fe alloy) having an average thickness of 3,000 A was formed 
by sputtering onto both surfaces of each of the films obtained in Examples 4 and 5. respectively, and a 
vertical magnetic layer comprising 20 % Cr-Co alloy having an average thickness of 5,000 A was next 
fomned by sputtering onto those layers, thereby obtaining a floppy disk. The films obtained In Examples 4 
and 5 were not affected by heat during production of the floppy disk, and the produced disks had large 
outputs and few drop outs, and since these disks had little anisotropy In a plane, it was possible to increase 
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the track recording density. Thus, the disks were suitable for high-density magnetic recording. When these 
floppy disks according to the present invention were compared with a conventional 3.5-Inch high-density 
floppy disk which uses a polyethylene terephthalate as a base film, the recording density of the fonfner was 
about 10 times as high as that of the latter. 

In contrast, the floppy disk produced from the film obtained in the Comparative Example 2 had so large 
anisotropy in a plane that it was impossible to Increase the track recording density and therefore it was 
unsuitable for high-density magnetic recording. 



Comparative Examples 4 and 5: 

The formation of the layer of permalloy and the layer of Cr-Co was attempted onto the surfaces of 
commercially available polyethylene terephthalate film (thickness: 75 urn) and polyimide film (thickness: 75 
um) in the same way as in Example 4. Since the polyethylene terephthalate film had a low heat resistance 
and blooming of olygomers occurred, the productivity was unpractically low. As to the polyimide film, the 
absorbed water made it Impossible to obtain a high vacuum and good bonding strength between the 
magnetic layer and the film, in addition, the smoothness of the surfaces was not good, so that a film sutable 
for high-density magnetic recording was not obtained. 



Comparative Example 6 

When a biaxially oriented film of 75 um thick was produced In the same way as in Example 4 except 
that a filter of 500 mesh was used in the extruder for the polymer A, breakage of film fi'equently occun^ed. 
The film obtained had as many as 120 coarse protrusions of not lower than 1.08 um per 25 cm^ and the 
number of drop outs greatly increased. This film was unusable as a magnetic disk. 



Comparative Example 7 

When a biaxially oriented film of 75 um thick was produced In the same way as in Example 4 except 
that only a polyethylene-2.6-naphthalate containing 0.4 wt% calcium carbonate having a primary particle 
diameter of 0.8 um was filtered through a filter of 1,500 mesh to form a single-layer unstretched film, the 
filter was clogged too immediately to enable a continuous film formation. The Ra of the film was 0.021 um. 
The floppy disk produced from this film In the same way as in Example 6 had a very low output. 

Claims 

1. A biaxially oriented polyethylene naphthalate film for high-density magnetic recording media which 
has a tensile stress at 5 % elongation In the range of 13 kg/mm' to 21 kg/mm' in any direction on the film; a 
Young's modulus in the range of 500 kg/mm' to 800 kg/mm' in any direction on tiie film; a heat shrinkage of 
less tiian 2.5 % in any direction; a center line average roughness Ra of not more than 0.012 um and not 
more than 10 coarse protuberances of not lower tiian 1.08 um high per 25 cm^ wherein each of the 
deviations of said tensile stresses at 5 % elongation, Young's moduli and heat shrinkages is not more than 
20%. 

2. A polyetiiylene naphthalate film for high-density magnetic recording media according to claim I. 
wherein said polyetiiylene naphthalate film is a three-layered film comprising a polyetiiylene naphtiialate 
intermediate layer which contains substantially no fine particles or contains 0.1 to 3 wt% carbon black and 
two polyetiiylene naphthalate surface layers which contain fine particles. 

3. A polyetiiylene naphthalate film for high-density magnetic recording media according to claim I, 
wherein said polyetiiylene naphtiialate Is polyethylene-2,6-naphthalate. 

4. A polyethylene naphthalate film of not less tiian 50 um for high-density magnetic recording media 
according to claim I, wherein said film is produced by a process comprising the steps of: 

forming an unstretched film by melt-extrusion of a polyethylene naphtiialate which contains inactive fine 
particles, 

stretching said unstretched film in the machine direction by 3.5 to 5.0 times at a temperature of 130 to 
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I70»C, 

stretching said film In the transverse direction by 3.5 to 5.0 times at a temperature of 130 to I80*C, and 
heatsetting said film at a temperature of 180 to 270"C for I second to 10 minutes. 

5. A polyethylene naphthalate film of less than 50 urn for high-density magnetic recording media 
5 according to claim I, wherein said film is produced by a process comprising the steps of: 

forming an unstretched film by melt-extrusion of a polyethylene naphthalate which contains inactive fine 
particles. 

stretching said unstretched film in the machine direction by 2.0 to 5.0 times at a temperature ofl30 to 
170-C. 

TO Stretching said film in the transverse direction by 3.0 to 5.0 times at a temperature of 130 to I80**C, 
heatsetting said film at a temperature of 130 to 240''C, 

restretching said film In tiie machine direction by 1.05 to 4.0 times at a temperature of 140 to 200"C, and 
re-heatsettfng said film at a temperature of 180 to 270*C for I second to 10 minutes. 

6. A polyetfiylene naphthalate film for high-density magnetic recording media according to eltiier of 
IS claims I and 2. wherein said filnr> is produced by a process comprising tfie steps of: 

forming a laminated film comprising a polyetfiylene naphtiialate intermediate layer which contains . 
substantially no fine particles or 0.1 to 3 wt% carbon black and two polyetfiylene naphtiialate surface layers 
which contain Inactive fine particles by co-extruding a polyetfiylene naphtfialate which contains Inactive fine 
particles and a polyetfiylene naphtfialate which contains substantially no fine particles or 0.1 to 3 wt% 
20 carixin black. 

stretching said laminated film in tiie machine direction by 3.5 to 5.0 times at a temperature of 130 to 
I70«C, 

stretching said film in the transverse direction by 3.5 to 5.0 times at a temperature of 130 to I80*C. and 
heatsetting saJd film at temperature of 180 to 270 °C for I second to 10 minutes. 
25 7. A process for produdng a biaxially oriented polyetfiylene naphtfialate film of not less ttian 50 um for 
high-density magnetic recording media which has a tensile stress at 5 % elongation in tfie range of 13 
kg/mm* to 21 kg/mm* fn any direction on tfie film; a Young's modulus in ttie range of 500 kg/mm» to 800 
kg/mm' In any direction on tfie film; a heat shrinkage of less tfian 2.5 % in any direction; a center line 
average roughness Ra of not more tfian 0.012 um and not more tfian 10 coarse protuberances of not lower 
30 tfian 1.08 um high per 25 cm*, wherein each of tfie deviations of said tensile stresses at 5 % elongation. 
Young's moduli and heat shrinkages is not more tfian 20 %. comprising tfie steps of: 

forming an unstretched film by melt-extrusion of a polyetfiylene naphtiialate which contains inactive fine 
particles, 

stretching said unstretched film in tfie machine direction by 3.5 to 5.0 times at a temperature of 130 to 
35, 170-C. 

Stretching said film in tfie transverse direction by 3.5 to 5.0 times at a temperature of 130 to 180'C, and 
heatsetting saki film at a temperature of 180 to 270"C for I second to K) minutes. 
8. A process according to claim 7 , wherein said polyetfiylene naphtfialate is poIyefliytene-2,6- 
naphthalate. 

40 9. A process for producing a biaxially oriented polyetfiylene naphtfialate film of less ttian 50 um for 
high-density magnetic recording media which has a tensile stress at 5 % elongation in tfie range of 13 
kgAnm* to 21 kg/mm* in any direction on tfie film; a Young's modulus In tfie range of 500 kg/mm* to 800 
kg/mm* in any direction on tiie film; a heat shrinkage of less tfian 2.5 % in any direction; a center line 
average roughness Ra of not more tfian 0.012 um and not more tfian 10 coarse protuberances of not lower 

45 tfian 1.08 um high per 25 cm*, wherein each of tfie deviations of said tensile stresses at 5 % etongation. 
Young's moduli and heat shrinkages Is not more tfian 20 %, comprising tfie steps of. 

forming an unstretched fifrn by melt-extrusion of a polyetfiylene naphtfialate which containes inactive fine 
particles. 

stretching said unstretched film in tfie machine direction by 2.0 to 5.0 times at a temperature of 130 to 
50 I70*C, 

stretching said film in the transverse direction by 3.0 to 5.0 times at a temperature of 130 to I80"C, 
heatsetting said film at a temperature of 130 to 240"C, 

restretching said film In tiie machine direction by LOS to 4.0 times at a temperature of 140 to 200"C, and 
re-heatsetting said film at a temperature of 180 to 270'C for I second to 10 minutes. 
S5 10. A process according to claim 9, wherein said polyetiiylene naphtfialate Is polyetfiylene-2,6- 
naphthalate. 



14 



0 229 346 



11. A process for producing a biaxially oriented polyethylene naphthalate film for high-density magnetic 
recording media which has a tensile stress at 5 % elongation In the range of 13 kg/mm' to 21 kg/mm' in any 
direction on the film: a Young's modulus in the range of 500 kg/rnm' to 800 kg/mm' in any direction on the 
film; a heat shrinkage of less than 2.5 % in any direction: a center line average roughness Ra of not more 

5 than 0.012 urn and not more than 10 coarse protuberances of not less than 1.08 um high per 25 cm^ wherein 

each of the deviations of said tensile stresses at 5 % elongation, Young's moduli and heat shrinkages is not 

more than 20 %, comprising the steps of: 

foHDlng a laminated film comprising a polyethylene naphthalate Intermediate layer which contains 

substantially no fine particles or OJ to 3 wt% carbon black and two polyethylene naphthalate surface layers 
70 which contain Inactive fine particles by co-extruding a polyethylene naphthalate which contains inactive fine 

particles a^id a polyethylene naphthalate which contains substantially no fine particles or 0.1 to 3 wt% 

carbon black. 

stretching said laminated film in the machine direction by 3.5 to 5.0 times at a temperature of 130 to 
170*C. 

75 stretching said film In the transverse direction by 3.5 to 5.0 times at a temperature of 130 to iSO^'C. and 
heatsetting said film at a temperature of 180 to 270*C for 1 second to 10 minutes. 

12. A process according to claim 11, wherein said polyethylene naphthalate is polyethylene-2,6- 
naphthalate. 
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